Abstract. Ground heat exchanger is an exciting technique to reduce energy consumption in building especially in hot climate countries. Implementation of GHE for commercial unit in Malaysia is almost none in record. Thus, performance study of the GHE in Malaysia is crucial to be conducted either experimentally or numerically. Therefore this paper presents the performance of GHE in term of effectiveness, outlet temperature and rate of heat transfer based on mathematical model. The model is developed based on cross flow heat exchanger with one fluid unmixed. There are two variable parameter used in the analysis which is effectiveness and flowrate of the air for 25 meter length of a PVC pipe. Three effectiveness values which is 0.8, 0.9 and 0.99 have been analysed in this study. Meanwhile, flowrate of air is ranging from 0.02 to 0.2 kg/s. Results show that flowrate at 0.02 kg/s gives great temperature reduction in the pipe compared with higher flowrate. However, flowrate of 0.2 kg/s produces higher cooling potential. Characteristic of the GHE for the rate of heat transfer with 80, 90 and 99 percent effectiveness also have been developed and it has been found that effectiveness of 0.9 provide good combination between flowrate and the rate of heat transfer for 25 meter length of the pipe.
Introduction
Ground or soil contains natural source of energy which can be used at any time especially for cooling and heating. At certain depth below the surface, its temperature is higher than the ambient air temperature in winter and lower in summer [1] . In addition, the temperature remains almost constant throughout the year at certain depth. In the most geographical location, the constant ground temperature is equal to the annual mean ambient temperature [2] . Thus, the temperature condition makes the ground itself having significant potential for cooling and heating for all year long. The cooling and heating potential under the ground can be extracted by means of ground heat exchanger (GHE). Application of ground heat exchanger (GHE) is a method to utilize ground temperature either for cooling and heating consequently reduce energy used for space thermal comfort. The GHE has been applied to building thermal comfort [3] [4] [5] and agricultural greenhouse [6] [7] [8] [9] .
The GHE is a simple heat exchanger which requires a pipe or several pipes buried under the ground. There is no complex equipment needed besides circulating air blower to produce primary force for the air movement in the GHE pipe. Figure 1 shows schematic of GHE for agricultural greenhouse application. The hot air enters the GHE through one end of the pipe whereby the blower is placed. Then, the heat in the air was transferred to the ground along the buried pipe. Low temperature air from the buried pipe will be discharge into the greenhouse through air outlet. The same concept of the GHE has been implemented for other application like building thermal comfort. Performance of the GHE system is a main issue in evaluating GHE's capability and it is subjected to geographical factor and local ground temperature [10] . Derbel and Kanoun [11] reported that the ground temperature will reduce as the depth of the ground increase in the summer. Throughout the year, temperature pattern of the ground is sinusoidal variation with certain amplitude. The amplitude of temperature throughout the year gets attenuated and constant at the same magnitude Agricultural greenhouse Air inlet via blower Burried pipe Air outlet
